Abstract. The present study aimed to investigate the association between the expression of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) long non-coding RNA (lncRNA) and the recurrence of non-small cell lung cancer (NSCLC) and to elucidate the potential mechanisms of MALAT1 in vitro. Between 1 June 1, 2010 and December 30, 2016, NSCLC tumor tissues and adjacent non-cancerous tissues were obtained from 120 patients with NSCLC, who had undergone surgical resection at Taizhou Hospital of Wenzhou Medical University (Linhai, China). The total RNA of tissues and cells were extracted and the expression of MALAT1 was determined using a wound healing assay and reverse transcription quantitative polymerase chain reaction. In addition, MALAT1 expression in A549 cells was silenced using small interfering RNA. The proliferation, migration and invasion of cells were then assessed using a CellTiter 96 kit and Transwell assays. MALAT1 expression was significantly increased in NSCLC samples compared with expression in adjacent non-cancerous tissues. Furthermore, the expression of MALAT1 in patients with NSCLC that exhibited recurrence was markedly higher than in those that did not. The results of the present study also demonstrated significant associations between high expression of MALAT1 and female sex, Tumor-Node-Metastasis advanced stage, vessel invasion, pathological differentiation and recurrence of patients with NSCLC. The proliferative, migratory and invasive abilities of MALAT1-silenced A549 cells were significantly decreased compared with those of control cells. MALAT1 expression was significantly increased in NSCLC tissues and was revealed to serve a role in the progression of NSCLC.
Introduction
Lung cancer is the most common type of cancer worldwide (1) , and 85% of lung cancer cases are diagnosed as non-small cell lung cancer (NSCLC) (2) . In China alone, ~7,333,000 patients were diagnosed with NSCLC and, of these, ~6,102,000 patients succumbed to mortality in 2015 (3) . With increased levels of environmental pollution, the incidence of NSCLC and the mortality rate of patients with this disease have increased significantly (1) , resulting in increased health and economic burdens on patients and society. Although NSCLC treatments have improved with the development of medical technology, certain clinically applied drugs targeting late-stage NSCLC (2, 4) are ineffective due to the presence of multiple gene mutations and comprehensive pathogenesis (5, 6) . Therefore, it is important to obtain a greater understanding of the underlying mechanism of NSCLC development in order to improve the efficacy of clinical treatment.
Long non-coding RNAs (lncRNAs), comprising >200 nucleotides, are a class of transcripts with no protein-coding capacity (7) . Previous studies have demonstrated that lncRNAs perform diverse functions in cancer cells, including proliferation, migration, invasion and apoptosis (8, 9) . The roles of lncRNAs have also been assessed in patients with NSCLC. Shi et al (10) identified that growth arrest specific 5 lncRNA serves critical roles in the proliferation and apoptosis of NSCLC cells via p53-dependent and -independent pathways and may serve as a diagnostic marker for NSCLC. In addition, Yang et al (11) demonstrated that PVT1 oncogene lncRNA is significantly upregulated in patients with NSCLC and its expression level is associated with lymph node metastasis and a poorer prognosis. Kruer et al (12) also indicated that maternally expressed 3 lncRNA is involved in the regulation of lung cancer cell proliferation via the retinoblastoma pathway. In addition, a previous study indicated that urothelial cancer associated 1 lncRNA may serve as an oncogene in NSCLC by targeting microRNA (miR)-193a-3p (13) , which has been demonstrated to suppress the metastasis of NSCLC by downregulating the Erb-B2 Expression of metastasis-associated lung adenocarcinoma transcript 1 long non-coding RNA in vitro and in patients with non-small cell lung cancer receptor tyrosine kinase 4/phosphoionositide-3-kinase regulatory subunit 3/mechanistic target of the rapamycin/ribosomal protein S6 kinase B2 signaling pathway (14) . The results of these studies indicated that lncRNAs serve important roles in the regulation of NSCLC pathogenesis. Metastasis-associated lung adenocarcinoma transcript 1 (MALAT-1), also known as MALTA1 or nuclear-enriched abundant transcript 2, is the first identified lncRNA to be associated with lung cancer. Since its discovery over a decade ago, a large number of studies have demonstrated the associations between MALAT1 and cancer progression (15) (16) (17) . Recently, a study reported that MALAT1 may promote bone metastasis in patients with NSCLC (18) . However, associations between MALAT1 and NSCLC clinical outcome or occurrence have rarely been addressed (19) . Therefore, the present study aimed to elucidate the associations between MALAT1 and the clinical characteristics of patients with NSCLC and to assess the potential effect of MALAT1 on the progression of NSCLC. Table I . Tumor-Node-Metastasis (TNM) stage evaluation was performed according to 2014 8th edition of the TNM classification (20) .
Materials and methods

Patients
During surgical resection, paired tumor tissues and adjacent non-cancerous tissues were collected from patients with NSCLC. Tissue sections were preserved at -80˚C or in liquid nitrogen for subsequent analysis. The present study was approved by the Ethics Committee of Taizhou Hospital of Wenzhou Medical University (Linhai, China) and written informed consent was obtained from all patients prior to enrollment.
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from tissue samples using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol. RNA quality was assessed using the Nanodrop N-1000 (Agilent Technologies, Inc., Santa Clara, CA, USA) and 2 µg total RNA was reverse transcribed into cDNA using the Applied Biosystems ® TaqMan ® mRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) according to manufacturer's protocol. qPCR was subsequently performed using SYBR Green (Applied Biosystems; Thermo Fisher Scientific, Inc.) on an ABI 7900 Real-Time PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.) with the following thermocycling conditions: 95˚C for 30 sec, 40 cycles at 95˚C for 5 sec and 60˚C for 31 sec. GAPDH was used as the internal control. The gene primers utilized were as follows: MALAT1 forward, 5'-AGG CGT TGT GCG TAG AGG A-3' and reverse, 5'-GGA TTT TAC CAA CCA CTC GC-3'; and GAPDH forward, 5'-AGA AGG CTG GGG CTC ATT TG-3' and reverse, 5'-AGG GGC CAT CCA CAG TCT TC-3'. Each experiment was performed in triplicate and was quantified using the 2 -ΔΔCq method (21) .
Cell culture and transfection. The NSCLC A549 cell line was purchased from ATCC (Manassas, VA, USA) and cells cultured in Dulbecco's modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS) at 37˚C in a humidified atmosphere with 5% CO 2 . Small interfering RNA (siRNA) targeting MALAT1 (10 nmol/l) and its corresponding control were transfected onto a 6-well plate with a cell confluence of 70% in each well using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The sequences for siRNA were designed as follows: si-MALAT1, forward, 5'-CAC AGG GAA AGC GAG UGG UUG GUA ATT-3', and reverse, 5'-UUA CCA ACC ACU CGC UUU CCC UGU GTT-3'; and si-control, forward, 5'-UUC UCC GAA CGU GUC ACG UTT-3', and reverse 5'-ACG UGA CAC GUU CGG AGA ATT-3'. The siRNA sequences were synthetized by Shanghai GenePharma Co., Ltd (Shanghai, China). After 48 h, stable cell strains were screened using puromycin (Thermo Fisher Scientific, Inc.) and the expression of MALAT1 was evaluated using RT-qPCR was performed as aforementioned using the human tissue.
Cell proliferation assay. Following the determination of the effect of silenced MALAT1, transfected A549 cells were seeded onto a 96-well plate at a density of 5x10 3 cells/well. Subsequently, CellTiter 96 (Promega Corporation, Madison, WI, USA) was added to each well, according to the manufacturer's protocol. Following culture at 37˚C, the absorbance of cells and the index of cellular proliferation were measured at 490 nm using a Bio-Rad plate-reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) every 24 h. A total of 100 µl DMEM was utilized as a blank control. Each sample was conducted with five repeats and experiments were independently repeated twice.
Wound healing assay. For the wound healing assay, cells were seeded onto 6-cm plates and were cultured in DMEM supplemented with 10% FBS. Once the cells had reached 80% confluency, they were scraped with a 200 µl tip to wound the monolayer and the starting width of the wound (200 µl) was recorded. Cells were then cultured in DMEM medium (Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h. Images of the migrated distance of cells were captured and measured using a light microscope at magnification, x100, 0 and 48 h after scraping.
Invasion assay. For the invasion assay, 1x10
4 cells in 200 µl FBS-free DMEM were seeded into an upper Matrigel-coated chamber (BD Biosciences, Franklin Lakes, NJ, USA). The lower chamber was filled with 500 µl RPMI-1640 medium containing 10% FBS to induce cell invasion. Following a 24-h incubation, cells on the upper filter were removed using cotton swabs. Cells on the lower filter, namely the invading cells, were fixed with 95% ethanol at 4˚C for 1 h, stained with 0.5% crystal violet at room temperature for 12 min, and monitored using an inverted microscope at a magnification of x200. For each sample, cells in ≥5 random microscopic visual fields were counted and the average number was used as the final result.
Statistical analyses. In the present study, SPSS 20.0 (IBM Corp., Armonk, NY, USA) was used for statistical analyses. Continuous variables are presented as the mean ± standard deviation. Comparisons between two groups were analyzed using Student's t-test, and pair-wise comparisons among multiple groups were determined using a one-way analysis of variance followed by the Least Significant Difference test. Associations between MALAT1 and clinical characteristics were determined using the χ 2 test. The receiver operative characteristics (ROC) curve analysis in SPSS was utilized to create a summary ROC curve in order to evaluate the predicative ability of MALAT1 in NSCLC recurrence. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of MALAT1 in clinical NSCLC tissues.
Following the collection of clinical samples, the expression levels of MALAT1 in tumor and adjacent non-cancerous tissues were determined using RT-qPCR. The results demonstrated that the expression of MALAT1 was significantly increased in NSCLC tumor tissues when compared with non-tumor adjacent tissues (P<0.05, data not shown). Additionally, the expression of MALAT1 in patients with recurrent NSCLC was markedly higher than that in NSCLC patients without recurrence (Fig. 1) .
Association between MALAT1 and clinical characteristics.
Following the assessment of MALAT1 expression in tissue samples, associations between MALAT1 and clinical characteristics were evaluated (Table I ). The results demonstrated that a high expression of MALAT1 was significantly associated with female sex (P=0.019), TNM stage (P=0.016), vessel invasion (P=0.032), pathological differentiation (P=0.013) and recurrence (P=0.006) in patients with NSCLC. However, no significant associations were identified between the Table I . Associations between MALAT1 expression and the clinical characteristics of patients with non-small cell lung cancer. expression of MALAT1 and age, tumor maximum diameter or tumor number (P>0.05). In addition, the diagnostic value of MALAT1 in the recurrence of NSCLC was also estimated (Fig. 2) . The area under curve value was 0.76 and the Q index was 0.71, indicating that MALAT1 has potential diagnostic value for the predication of NSCLC recurrence.
MALAT1 -----------------------------------------------------------------------------------
Effects of silenced MALAT1 on cell proliferation. In order to further elucidate the underlying mechanism of MALAT1, its expression was silenced using siRNA in A549 cells and the efficacy was confirmed using RT-qPCR (Fig. 3) . Once silencing had been successful, the influence of MALAT1 on cell proliferation was assessed. The results demonstrated that A549 cellular proliferation was significantly decreased in si-MALAT1 A549 cells compared with the controls at all time points (P<0.05; Fig. 4 ). These results indicated that MALAT1 promoted the proliferation of A549 cells.
Effects of si-MALAT1 on cell migration and invasion.
The influence of si-MALAT1 on A549 cell migration and invasion were assessed using wound healing and Matrigel assays, respectively. The results of the wound healing assay demonstrated that migratory abilities were markedly decreased in si-MALAT1 A549 cells compared with control cells (Fig. 5 ).
In addition, Transwell migration demonstrated that the invasive ability of si-MALAT1 A549 cells was also markedly inhibited compared with control cells (Fig. 6 ). These results indicated that MALAT1 may improve the migration and invasion ability of A549 cells.
Discussion
The present study aimed to assess the associations between MALAT1 expression and the clinical characteristics of patients with NSCLC, and to reveal the potential underlying mechanism of MALAT1 in NSCLC. The results of the present study demonstrated that the expression of MALAT1 was significantly increased in patients with NSCLC, particularly in those with recurrent malignancy. Furthermore, the silencing of MALAT1 markedly decreased the proliferability, migration and invasiveness of A549 cells. Therefore, MALAT1 served a crucial role in the occurrence of NSCLC. It has been demonstrated that lncRNA serves important roles in various processes involved in cancer pathogenesis, including proliferation, differentiation, migration, invasion and apoptosis (22) . As an important lncRNA discovered a decade ago, the abnormal expression of MALAT1 has been exhibited in certain malignancies (23) . Lai et al (24) demonstrated that MALAT1 expression was significantly increased in hepatocellular carcinoma clinical tissues and cell lines, serving as a novel biomarker for tumor recurrence following liver transplantation. Ying et al (25) also revealed that MALAT1 is abnormally upregulated in bladder cancer and that it promotes cellular migration by inducing epithelial-mesenchymal transition. Furthermore, Schmidt et al (26) observed that MALAT1 expression is increased in NSCLC and interacts with B cell lymphoma 2 to regulate lung cancer cell apoptosis. In addition, Liu et al (18) demonstrated that MALAT1 promotes bone metastasis in patients with NSCLC; however, the study only compared NSCLC tissues and NSCLC cell lines with and without bone metastasis. The results of the present study indicated that there was a significant increase in the expression of MALAT1 in NSCLC and that the expression of MALAT1 in patients with NSCLC that exhibited recurrence was markedly higher than that in those who did not. These results therefore indicate that MALAT1 serves a crucial role in the development and recurrence of NSCLC and that it may act as an onco-lncRNA to regulate the migration, differentiation and apoptosis of cancer cells as malignancies progress.
Considering the effect of MALAT1 in cancer, associations between MALAT1 and the clinical characteristics and survival rates of patients with NSCLC were assessed. Shen et al (27) demonstrated that MALAT1 promotes brain metastasis by inducing epithelial-mesenchymal transition in lung cancer. The results of the present study demonstrated that the invasive and migratory abilities of MALAT1-silenced A549 cells were significantly decreased. This may be the reason for the significant association between a high expression of MALAT1 and low pathological differentiation, as well as vessel invasion, as identified in the present study. Furthermore, a study undertaken by Tano et al (28) revealed that MALAT1 facilitates lung adenocarcinoma cell motility by regulating the expression of motility-related genes, including CTHRC1, CCT4, ROD1 and HMMR. Therefore, these results indicated that MALAT1 serves a crucial role in NSCLC metastasis.
However, an in vivo study further demonstrated that MALAT1-deficient cells exhibit an impaired migration and form fewer tumor nodules in a mouse xenograft (29) . In the present study, it was demonstrated that si-MALAT1 also significantly suppresses A549 cell proliferation and migration. In addition, Schmidt et al (30) revealed that a high-expression of MALAT1 indicates a poor prognosis in patients with NSCLC. These observations may indicate that MALAT1 promotes the proliferation of NSCLC cells. MALAT1 has also been revealed to serve a role in the migration and invasion of breast cancer and osteosarcoma cells, and was demonstrated to be significantly inhibited by 17β-Estradiol (31, 32) . In line with this, significant associations were identified between a high expression of MALAT1 and TNM stage, as well as recurrence. The results of the present study also indicated that MALAT1 may be able to predict NSCLC recurrence. These results indicate that MALAT1 serves an important role in the progression of NSCLC and that it may serve as a potential biomarker for the development and recurrence of NSCLC.
The present study exhibited certain limitations. In order to confirm the association between MALAT1 expression and NSCLC recurrence, further studies are required. The present study also only utilized a histological method to confirm NSCLC diagnosis, and histological analysis of NSCLC tissue was not conducted to assess the effects of MALAT1. Further study would therefore be required in order to gain a greater understanding of this.
In conclusion, to the best of our knowledge, the present study was the first to demonstrate that MALAT1 was associated with NSCLC recurrence. MALAT1 was revealed to be an important onco-lncRNA involved in the pathogenesis of NSCLC. Inhibiting the expression of MALAT1 significantly decreased the proliferation, migration and invasion of tumor cells. According to these results, MALAT1 may serve as a potential treatment target and a possible diagnostic biomarker of NSCLC. However, the detailed underlying mechanism of MALAT1 in NSCLC remains to be elucidated.
